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(57) An electrode drive circuit (22-27) performs in-

terlaced scanning, ensuring that the phases of the sus-

taining pulse in odd-numbered lines and even-num-

bered lines L1 to L8 formed between surface discharge

electrodes (X1 to X5, Y1 to Y4) are opposite to each

other When either odd-numbered lines or even-num-

bered lines are displayed, the voltages applied between

the electrodes of the undisplayed lines are at zero, elim-

inating the necessity for partitioning walls for the surface

discharge electrodes. Pairs of X electrodes are provided

on respective upper and lower sides ot a Y electrode.

The areas between the Y and X electrodes on the upper

sides are assigned to be display lines for odd-numbered

frames, and the areas between the Y and X electrodes

on the lower sides are assigned to be display lines for

even-numbered Irames. Alternate areas between the

surface discharge electrodes are assigned as blind lines

and a discharge light emission in the blind lines is

blocked or incident light to the blind lines from the out-

side is absorbed. Address electrodes (A1 to A6) are pro-

vided for each monochromatic pixel column and selec-

tively connected with the pads above them, performing

simultaneous selection of lines.
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Description

The present invention relates to a plasma display

panel, a method of driving same and a plasma display

apparatus employing same.

The plasma display panel (PDP) has good visibility

because it generates its own light, is thin and can be

made with large-screen and high-speed display. For

these reasons it is attracting interest as a replacement

for the CRT display. Especially, a surface discharge AC
PDP is suitable for full color display. Therefor, there are

high expectations in the field of high-vision and the de-

mand for a higher quality image is increasing. A higher

quality image is achieved by generating higher defini-

tion, a higher number of gradations, better brightness,

lower brightness for black areas, higher contrast and the

like. High definition is achieved by narrowing the pixel

pitch, a higher number of gradations is achieved by in-

creasing the number of subfields within a frame, higher

brightness is achieved by increasing the number of

times sustaining discharge is performed and lower

brightness for deeper blacks is achieved by reducing the

quantity of light emission during the reset period.

FIG. 30 shows the schematic structure of an surface

discharge AC plasma display panel (PDP) 10P in the

prior art

On observer-side one of the glass substrates that

face each other, electrodes X1 to X5 are formed parallel

to one another at equal pitch and electrodes Y1 to Y5

are formed parallel to one another to form parallel pairs

with the corresponding electrodes X1 to X5. On the oth-

er glass substrate, address electrodes A1 to A6 are

formed in the direction that runs at a right angle to the

aforementioned electrodes, and phosphor covers on

that. Between the glass substrates that face each other,

partitioning walls 171 to 177 and partitioning walls 191

to 1 96 are arranged intersecting each other in a lattice,

to ensure that no erroneous display is made through dis-

charge of one pixel affecting adjacent pixels.

The surface discharge PDPs have an advantage in

that the phosphor do not become degraded due to the

impact of ions on it since discharge occurs between ad-

jacent electrodes on the same surface. However, since

a pair of electrodes is provided for each of the display

lines L1 to L5
:
the degree to which the pixel pitch can

be reduced is limited and this is a stumbling block for

achieving high definition. In addition, the scale of the

drive circuit musl be large since there is a high number

of electrodes.

To deal with this problem, a PDP 10Q as shown in

FIG. 31 has been disclosed in Japanese Patent Publi-

cation No. 5-2993 and No. 2-220330.

In the PDP 10Q, partitioning walls 191 to 199 are

provided on the central lines of the electrodes X1 to X5

and Y1 to Y4, which are surface discharge electrodes,

and these electrodes, except for the electrodes X1 and

X5 at the two sides, i.e. , the electrodes X2 to X4 and the

electrodes Y1 to Y4, are commonly used by display lines

2

that are adjacent in the direction of the address elec-

trodes. With this, the number of electrodes is almost

halved and the pixel pitch can be reduced, achieving

higher definition compared to the PDP shown in FIG.

s 30. In addition, the scale of the drive circuit can also be

halved.

However, in the publications cited above, since

write is performed in linear sequence for the display

lines L1 to L8, the discharge would affect adjacent pixels

10 in the direction of the address electrodes if the partition-

ing walls 191 to 199 are omitted, resulting in erroneous

display. Thus, the partitioning walls 191 to 199 cannot

be omitted and this presents an obstacle to achieving

higher definition by reducing the pixel pitch, in addition.

is it is not easy to provide the partitioning walls 1 91 to 1 99

on the central lines of the electrodes and, as a result,

the PDP 10Q will be expensive to produce. Further-

more, in the publications mentioned above, a specific

waveform of the voltage to be applied to the electrodes

20 is not disclosed and, as a result, the invention has not

been put into practical use. In order to make it possible

to remove the partitioning walls running in the direction

of the surface discharge electrodes, the distance be-

tween the electrodes at the two sides of each of the par-

25 titioning walls 1 91 to 1 96 must be increased in the struc-

ture shown in FIG. 30, so as to reduce the effect of their

electric fields between that electrodes. Consequently,

the pixel pitch increases, preventing achievement of

higher definition. For instance, the distance between the

30 electrodes Y1 and X2 (non display line) is300|im when

the distance between the electrodes Y1 and X2 (display

line) is 50 um
In addition, during the reset period, light is emitted

because of the whole-screen (all pixel) discharge and

35 brightness in the black display areas is increased, re-

ducing the quality of the display.

Moreover, since the color of the phosphor is white

or bright gray, incident light from the outside is reflected

on the phosphor at non display line when observing an

40 image on the PDP in bright place, lowering the contrast

of the image.

In addition, since only one line can be addressed

an a time, the address time cannot be reduced, and it is

not possible to achieve a higher number of gradations

45 by increasing the number of subfields or to achieve high-

er brightness by increasing the number of times sustain-

ing discharge is performed.

According to a 1st aspect of the present invention,

there is provided a plasma display apparatus compris-

50 ing: a plasma display panel having a substrate, elec-

trodes X1 to Xn+1 formed at the substrate, electrodes

Y1 to Yn formed at the substrate and address electrodes

formed at the substrate or at another substrate facing

the substrate at a distance, the electrodes X1 to Xn+1

55 being arranged in that order and parallel to one another,

an electrode Yi being arranged between an electrode Xi

and an electrode Xi+1 for each i = 1 to n in an interdig-

itate manner, the address electrodes being arranged to
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3 EP 0 762 373 A2 4

intersect the electrodes X1 to Xn+1 and Y1 to Yn at a

distance; and an electrode drive circuit; wherein the

electrode drive circuit includes: first field addressing

means, for i = 1 to n. for causing a first address dis-

charge to occur between the electrode Yi and the ad-

dress electrodes selected in correspondence to display

data in a first field of a frame and for causing a discharge

to occur between the electrode Yi and the electrode Xi

using the first address discharge as a trigger to generate

a first wall charge required for a sustaining discharge in

correspondence to the display data in the first field; first

field sustaining means, after the first wall charge having

been generated and for odd number o among 1 to n and

for even number e among 1 to n, for supplying a first AC
sustaining pulse between an electrode Yo and an elec-

trode Xo and for supplying a second AC sustaining pulse

between an electrode Ye and an electrode Xe; second

field addressing means, for i = 1 to n, for causing a sec-

ond address discharge to occur between the electrode

Yi and the address electrodes selected in correspond-

ence to display data in a second field of the frame and

for causing a discharge to occur between the electrode

Yi and the electrode Xi+1 using the second address dis-

charge as a trigger to generate a second wall charge

required for a sustaining discharge in correspondence

to the display data in the second field; and second field

sustaining means, after the second wall charge having

been generated and for odd number o among 1 to n and

for even number e among 1 to n, for supplying a third

AC sustaining pulse between the electrode Yo and the

electrode Xo+1 and for supplying a fourth AC sustaining

pulse between the electrode Ye and the electrode Xe+1

.

With the 1st aspect of the present invention, since

the display lines in odd-numbered field and the display

lines in even-numbered fields can be made so as not to

affect each another in regard to discharge, it is not nec-

essary to provide partitioning walls along the central

lines on the electrodes X1 to Xn+1 and electrodes Y1

to Yn of the plasma display panel. Thus, production of

the plasma display panel is facilitated, reducing the pro-

duction cost and, with the pixel pitch reduced, higher

definition can be achieved.

In the 1st mode of the 1st aspect of the present in-

vention, the first field sustaining means supplies the first

and second AC sustaining pulses with ensuring that

voltage waveforms applied to the electrodes Yo and Xe

are of the same phase to each other, that voltage wave-

forms applied to the electrodes Ye and Xo are of the

same phase to each other and that the first and second

AC sustaining pulses are of the reverse phase to each

other; and the second field sustaining means supplies

the third and fourth AC sustaining pulses with ensuring

that voltage waveforms applied to the electrodes Yo and

Xo are of the same phase to each other, that voltage

waveforms applied to the electrodes Ye and Xe are of

the same phase to each other and that the third and

fourth AC sustaining pulses are of the reverse phase to

each other.

The 1st mode is effective since the display lines in

odd-numbered field and the display lines in even-num-

bered field do not affect each other in regard to dis-

charge.

5 In the 2nd mode of the 1st aspect of the present

invention, the first field addressing means, in a first pe-

riod, applies a DC voltage to all odd-numbered elec-

trodes among the electrodes X1 to Xn+1 and applies a

pulse with a reverse polarity voltage against the DC volt-

10 age to the electrode Yo, and in a second period, applies

the DC voltage to all even-numbered electrodes among
the electrodes X1 to Xn+1 and applies a pulse with a

reverse polarity voltage against the DC voltage to the

electrode Ye; and the second field addressing means,

75 in a third period, applies the DC voltage to all the even-

numbered electrodes among the electrodes X1 to Xn+1

and applies a pulse with a reverse polarity voltage

against the DC voltage to the electrode Yo, and in a

fourth period, applies the DC voltage to all the odd-num-

20 bered electrodes among the electrodes X1 to Xn+1 and

applies a pulse with a reverse polarity voltage against

the DC voltage to the electrode Ye.

With the 2nd mode, only one pulse with a large

width need to be supplied to each of the odd-numbered

25 group and the even-numbered group of the electrodes

X1 to Xn+1 during each address period for the odd-num-

bered fields and the even-numbered fields. Thus, power

consumption is reduced compared to a case in which

the pulse must be supplied to those groups for every

30 scanning of the electrodes Y1 to Yn In addition, the

structure of the electrode drive circuit can be simplified.

In the 3rd mode of the 1st aspect of the present in-

vention, the first field addressing means apply pulses

with reverse polarity voltages to each other to the elec-

ts trodes Yi and Xi when causing the discharge to occur

between the electrode Yi and the electrode Xi; and the

second field addressing means applies pulses with re-

verse polarity voltages to each other to the electrodes

Yi and Xi+1 when causing the discharge to occur be-

40 tween the electrode Yi and the electrode Xi+1

.

With the 3rd mode, since only the required pulse is

supplied to the electrodes X1 to Xn+1 during an address

period, power consumption is reduced compared to a

case in which pulses are commonly supplied to the odd-

numbered group and the even-numbered group among
the electrodes X1 to Xn+1.

In the 4th mode of the 1st aspect of the present in-

vention, the first and second field addressing means in-

cludes: a first sustain circuit for outputting a first voltage-

so waveform of a DC pulse train; a second sustain circuit

for outputting a second voltage-waveform with its phase

offset by 180° from a phase of the first voltage-wave-

form; a switching circuit having switching elements for

selectively supplying either the first or second voltage-

55 waveform to the electrodes Yo, Ye, Xo and Xe; and a

control circuit for controlling the switching elements of

the switching circuit in such a way that the first voltage-

waveform is supplied to the electrodes Yo and Xe and

3
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the second voltage-waveforrn is supplied to the elec-

trodes Ye and Xo after the first wall charge having been

generated and that the first voltage-waveform is sup-

plied to the electrodes Yo and Xo and the second volt-

age-waveform is supplied to the electrodes Ye and Xe
after the second wall charge having been generated.

With the 4th mode, since the voltage-waveforms

from the first sustain circuit and the second sustain cir-

cuit are selectively supplied to the electrodes Yo, Ye, Xo
and Xe, the structure of the electrode drive circuit is sim-

plified.

In the 5th mode of the 1 st aspect of the present in-

vention, both the first field and the second field consist

of a plurality of subfields with numbers of sustaining dis-

charge pulses different from one another, and the elec-

trode drive circuit further comprising: first field reset

means, prior to the first address discharge in a first sub-

field of the first field and for i — 1 to n, for causing a dis-

charge to occur between the electrode Yi and the elec-

trode Xi and between the electrode Yi and the electrode

Xi+1 in order to eliminate wall charge for all pixels or to

generate wall charge for all pixels; and prior to the first

address discharge in the rest subfields of the first field

and for odd number o among 1 to n and for even number
e among 1 to n, for causing a discharge D1 to occur

between the electrode Yo and the electrode Xo and a

discharge D2 to occur between the electrode Ye and the

electrode Xe with a time lag from the discharge D1 in

order to eliminate or generate wall charge only for pixels

in the first field; and second field reset means, prior to

the second address discharge in a first subfield of the

second field and for i = 1 to n, for causing a discharge

to occur between the electrode Yi and the electrode Xi

and between the electrode Yi and the electrode Xi+1 in

order to eliminate wall charge for all pixels or to generate

wall charge for all pixels: and prior to the second address

discharge in the rest subfields of the second field and
for odd number o among 1 to n and for even number e

among 1 to n, for causing a discharge D3 to occur be-

tween the electrode Yo and the electrode Xo+1 and a

discharge D4 to occur between the electrode Ye and the

electrode Xe+1 with a time lag from the discharge D3 in

order to eliminate or generate wall charge only for pixels

in the second field.

With the 5th mode, since unwanted light emission

is reduced, the brightness of black display is lowered to

improve the black display quality.

In the 6th mode of the 1 st aspect of the present in-

vention, each of the electrodes X1 to Xn+1 and Y1 to

Yn includes: a transparent electrode formed at the sub-

strate; and a metal electrode formed at the transparent

electrode along the centra! line of the transparent elec-

trode with a width smaller than the transparent elec-

trode.

With the 6th mode, the structure of each display line

is made identical.

According to a 2nd aspect of the present invention,

there is provided a plasma display apparatus compris-

ing: a plasma display panel having a substrate, elec-

trodes X1 to X2n formed at the substrate, electrodes Y1

to Yn formed at the substrate and address electrodes

formed at the substrate or at another substrate facing

s the substrate at a distance, electrodes Xo, Yi and Xe

being arranged in that order parallel to one another,

where o = 2i - 1 , e = 2i and i = 1 to n
t
the address elec-

trodes being arranged with intersecting the electrodes

X1 to X2n and Y1 to Yn at a distance; and an electrode

10 drive circuit; wherein the electrode drive circuit includes:

odd-numbered flame addressing means, for o = 2i - 1

and i = 1 to n, for causing a first address discharge to

occur between the electrode Yi and the address elec-

trodes selected in correspondence to display data in an

is odd-numbered flame and for causing a discharge to oc-

cur between the electrode Yi and the electrode Xo using

the first address discharge as a trigger to generate a first

wall charge required for a sustaining discharge in cor-

respondence to the display data in the odd-numbered
20 flame; odd-numbered flame sustaining means, for o =

2i - 1 and i = 1 to n, for supplying a first AC sustaining

pulse between the electrode Yi and the electrode Yo af-

ter the first wall charge having been generated; even-

numbered flame addressing means, for e = 2i and i = 1

2S to n, for causing a second address discharge to occur

between the electrode Yi and the address electrodes se-

lected in correspondence to display data in an even-

numbered flame and for causing a discharge to occur

between the electrode Yi and the electrode Xe using the

30 second address discharge as a trigger to generate a

second wall charge required for a sustaining discharge

in correspondence to the display data in the even-num-

bered flame; and even-numbered flame sustaining

means, for e = 2i and i = 1 to n, for supplying a second
35 AC sustaining pulse between the electrode Yi and the

electrode Ye after the second wall charge having been

generated.

With the 2nd aspect of the present invention, since

the display lines in the odd-numbered frames and the

40 display lines in the even-numbered frames can be made
not to affect each other in regard to discharge, it is not

necessary to provide partitioning walls along the central

lines of the electrodes Xo, Yi and Xe of the plasma dis-

play panel. Thus, production of the plasma display panel

^5 is facilitated, reducing the production cost and allowing

reduced pixel pitch, which supports higher definition.

Also, since two display lines are formed with three

parallel electrodes, the pixel pitch can be reduced com-

pared to the prior art structure in which two display lines

50 are formed with four parallel electrodes, making it pos-

sible to achieve higher definition. In addition, since it is

not necessary to divide the electrodes Y1 to Yn into even

and odd numbered groups, the structure is simplified

Moreover, with flame interlaced scanning, the ad-

55 dress period can be reduced by half compared to that

with non-interlaced scanning, lengthening the period of

sustaining discharge. This makes it possible to achieve

a higher number of gradations by increasing the number

4
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of sub frames or makes it possible to achieve higher

brightness by increasing the number of times sustaining

discharge is performed.

In the 1st mode of the 2nd aspect of the present

invention, the electrodes Xo, Yi and Xe have substan-

tially symmetrical forms relative to a central line of the

electrode Yi; each of the electrodes have a transparent

electrode formed at the substrate, and a metal electrode

formed at the transparent electrode at a width smaller

than that of the transparent electrode; and the metal

electrodes of the electrodes Xo and Xe are arranged on
sides away from the electrode Yi.

With the 1 st mode, since, when a voltage is supplied

between the electrodes Xoand Yi for instance, the elec-

tric field above the electrode Xo becomes more intense

on the metal electrode side, the pixel area can be in-

creased compared to a case in which the metal elec-

trode is formed along the central line on the transparent

electrode, even if the electrode pitch is reduced to

achieve higher definition. This is not disadvantageous

since the sides of the electrodes Xo and Xe, which are

opposite to the electrode Yi, are non-display lines, and
as the non display lines can be narrowed , this can be
desirable.

In the 2nd mode of the 2nd aspect of the present

invention, the electrodes Xo, Yi and Xe have substan-

tially symmetrical forms relative to a central line of the

electrode Yi; the electrode Yi is a metal electrode formed
at the substrate; each of the electrode Xo and the elec-

trode Xe has a transparent electrode formed at the sub-

strate, and a metal electrode formed at the transparent

electrode at a width smaller than that of the transparent

electrode; and the metal electrodes of the electrodes Xo
and Xe are arranged on sides away from the electrode

Yi.

With the 2nd mode, since the width of the electrode

Yi become small, the power consumption of supplying

scanning pulses to the electrode Yi is reduced. In addi-

tion, it is possible to further reduce the pixel pitch.

In a 3rd aspect of the present invention, there is pro-

vided a plasma display panel comprising a substrate

sustaining electrodes, for sustaining discharge, formed
in parallel to one another at the substrate and address
electrodes formed at the substrate or at another sub-

strate facing the substrate at a distance, the address

electrodes being arranged with intersecting the sustain-

ing electrodes at a distance in parallel to one another,

the plasma display panel further comprising a light

blocking member at a non display line between adjacent

electrodes of the sustaining electrodes.

With the 3rd aspect, by employing the light blocking

member, reduction of the black display quality caused
by discharge light emission at the non display line can

be decreased.

In the 1st mode of the 2nd aspect of the present

invention, the address electrodes are covered with

phosphor, and an observer-side surface of the light

blocking member has darker colour than the phosphor.

With the 1st mode, since incident light from the out-

side to phosphor at the non display line is absorbed by

the light blocking member, the contrast of an image on
the PDP in bright place increases more than a case that

5 incident light from the outside to the phosphor at the non
display line is reflected and enters eyes of an observer

In a 4th aspect of the present invention, there is pro-

vided a plasma display apparatus comprising: a plasma
display panel having a substrate, electrodes X1 to Xn

io formed at the substrate, electrodes Y1 to Yn formed at

the substrate, address electrodes formed at the sub-

strate or at another substrate facing the substrate at a

distance and a light blocking member between elec-

trodes Yi and Xi+1 , where i = 1 to n-1 , electrodes Xi and
1$ Yi being arranged by terns in parallel, where i = 1 to n:

and an electrode drive circuit; wherein the electrode

drive circuit includes: reset means, for i = 1 to n - 1 , for

causing a discharge to occur between the electrode Yi

and an electrode Xi+1 with ensuring that voltage wave-
20 forms applied to the electrodes Xi and Yi are in the same

phase to each other and that voltage waveforms applied

to the electrode Xn and the electrode Yn are in the same
phase to each other in a reset period; addressing

means, for i = 1 to n, for causing an address discharge
25 to occur between either the electrode Xi or Yi and the

address electrode selected in correspondence to dis-

play data and causes a discharge to occur between the

electrode Xi and electrode Yi using the address dis-

charge as a trigger to generate a wall charge required

30 for a sustaining discharge in correspondence to the dis-

play data in an address period after the reset period has
elapsed; and sustaining means, for i = 1 to n, for sup-

plying an AC sustaining pulse between the electrode Xi

and the electrode Yi in a sustain period after the address
35 period has elapsed.

With the 4th aspect, by employing the light blocking

member, reduction of the black display quality caused
by light emission during a reset period can be de-

creased. Although the light blocking member will some-
40 what prevent achieving higher definition, in comparison

to the structure in the prior art shown in FIG. 30, since

it is not necessary to form the partitioning walls 1 91 to

196, production is facilitated and the pixel pitch can be
further reduced.

45 in a 5th aspect of the present invention, there is pro-

vided a plasma display panel comprising a substrate,

address electrode bundles formed along to one another

at the substrate and scanning electrodes, for causing a
discharge between the address electrode bundles and

so the scanning electrodes to generate a wall charge re-

quired for a sustaining discharge in correspondence to

display data, the scanning electrodes intersecting the

address electrode bundles at a distance, wherein each
of the address electrode bundles includes: each of the

55 address electrode bundles includes: m (m^2) number
of address electrodes formed along to one another at

the substrate in correspondence to one monochromatic
pixel column; pads arranged along a lengthwise direc-

5
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tion of the address electrodes corresponding to each

monochromatic pixel, the pads being above the m
number of address electrodes relative to the substrate;

and contacts for connecting one pad to one of the ad-

dress electrodes in a regular manner along the length-

wise direction of the address electrodes.

In the 5th aspect, by selecting m number of the

scanning electrodes intersecting the pads connected to

the m number of address electrodes simultaneously:

and by applying voltages corresponding to display data

to the m number of address electrodes simultaneously;

scanning of the scanning electrodes is executed in units

of m lines.

With the 5th aspect, a plurality of lines can be ad-

dressed at the same time, reducing the address period

and, because of this
:
a higher number of gradations be-

comes possible by increasing the number of subfields

or it becomes possible to achieve higher brightness by

increasing the number of times sustaining discharge is

performed.

Furthermore, combinations of the separately

claimed aspects are contemplated. For example, the

light blocking means of the third aspect can be incorpo-

rated into plasma display panels according to the first

and second aspects of the invention.

Accordingly, with preferred embodiments of the in-

vention it is possible to provide a plasma display panel,

a method of driving same and a plasma display appa-

ratus, which achieve higher quality image, more espe-

cially a higher definition by reducing pixel pitch.

Further preferred embodiments can provide a plas-

ma display panel, a method of driving the same and a

plasma display apparatus that can increase black dis-

play quality reduced by whole-screen (all pixel) dis-

charge light emission during a reset period.

Still further preferred embodiments can provide a

plasma display panel, a method of driving the same and

a plasma display apparatus that can increase image

contrast by decreasing the reflected light from a non-

display line.

Yet further preferred embodiments can provide a

plasma display panel, a method of driving the same and

a plasma display apparatus that can increase the

number of gradations and brightness by addressing a

plurality of display lines simultaneously to decrease the

address period

For a better understanding of the invention, and to

show how the same may be carried into effect, reference

will now be made, by way of example, to the accompa-

nying drawings, in which:-

FIG. 1 is a schematic view showing a structure of a

surface discharge PDP in the first embodiment ac-

cording to the present invention;

FIG. 2 is a perspective view showing a state in

which the area between the opposite surfaces of the

color pixels in the PDP shown in FIG. 1 is expanded;

FIG. 3 is a longitudinal cross sectional view of a

color pixel of the PDP shown in FIG. 1 along an elec-

trode X1

;

FIG. 4 is a block diagram showing the schematic

structure of a plasma display apparatus in the first

s embodiment according to the present invention:

FIG. 5 shows the structure of a frame:

FIGS. 6(A) and 6(B) show the order in which display

lines are scanned during an address period:

FIG. 7 is a waveform diagram of voltages applied

10 to electrodes in an odd-numbered field, for illustrat-

ing a method of driving the PDP in the first embod-

iment according to the present invention;

FIG. 8 is a waveform diagram of voltages applied

to electrodes in an even-numbered field, for illus-

is trating the method of driving the PDP in the first em-

bodiment according to the present invention;

FIG. 9 is a block diagram showing a schematic

structure of a plasma display apparatus in the sec-

ond embodiment according to the present inven-

20 tion;

FIG. 10 is a waveform diagram of voltages applied

to the electrodes in an odd-numbered field, for illus-

trating a method of driving the PDP in the second

embodiment according to the present invention;

25 FIG. 11 is a waveform diagram of voltages applied

to the electrodes in an even-numbered field, illus-

trating the method of driving the PDP in the second

embodiment according to the present invention;

FIG. 12 is a block diagram showing a schematic

30 structure of a plasma display apparatus in the third

embodiment according to the present invention;

FIG. 13 is a block diagram showing a schematic

structure of a plasma display apparatus in the fourth

embodiment according to the present invention;

35 FIG. 14 shows waveforms of output voltages from

the sustain circuits 31 and 32 in FIG. 1 3 along with

waveforms of voltage applied to the address elec-

trodes in the odd-numbered fields in FIG. 7.

FIG. 15 is a block diagram showing a schematic

40 structure of a plasma display apparatus in the fifth

embodiment according to the present invention;

FIG. 16 is a waveform diagram of voltages applied

to the electrodes in an odd-numbered field, for illus-

trating a method of driving the PDP in the sixth em-
45 bodiment according to the present invention;

FIG. 17 is a waveform diagram of voltages applied

to the electrodes in an even-numbered field, for il-

lustrating the method of driving the PDP in the sixth

embodiment according to the present invention;

50 FIG. 18 is a block diagram showing a schematic

structure of a plasma display apparatus in the sev-

enth embodiment according to the present inven-

tion;

FIG. 19 is a longitudinal cross sectional view of a

55 part of the PDP shown in FIG. 18, along the address

electrodes;

FIG. 20 shows the order in which the display lines

are scanned during an address period;

6
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FIG. 21 shows a structure of a frame;

FIG. 22 is a waveform diagram of voltages applied

to the electrodes in an odd-nurnbered frame, for il-

lustrating the method of driving the PDP in the sev-

enth embodiment according to the present inven-

tion:

FIG. 23 is a waveform diagram of voltages applied

to the electrodes in an even-numbered frame, for

illustrating the method of driving the PDP in the sev-
enth embodiment according to the present inven-

tion;

FIG. 24 is a longitudinal cross sectional view of a
part of a PDP in the eighth embodiment along an
address electrodes;

FIG. 25 shows a schematic structure of a surface
discharge PDP in the ninth embodiment according
to the present invention;

FIG. 26 is a schematic waveform diagram of volt-

ages applied to the electrodes, illustrating a method
of driving the PDP in the ninth embodiment accord-
ing to the present invention;

FIG. 27(A) is a plan view of address electrodes in

the tenth embodiment according to the present in-

vention and FIGS. 27(B) to 27(E) are cross section-

al views along lines B-B, C-C, D-D and E-E respec-
tively in FIG. 27(A);

FIG. 28(A) is a plan view of address electrodes in

the eleventh embodiment according to the present
invention and FIGS. 28(B) to 28(E) are cross sec-
tional views along lines B-B, C-C, D-D and E-E re-

spectively in FIG. 28(A);

FIG. 29 shows a schematic structure of address
electrodes in the twelfth embodiment according to

the present invention;

FIG. 30 shows a schematic structure of a surface
discharge PDP in the prior art; and
FIG. 31 shows a schematic structure of another sur-

face discharge PDP in the prior art.

Referring now to the drawings, wherein like refer-

ence characters designate like or corresponding parts
throughout several views, preferred embodiments of the
present invention are described below.

First Embodiment

FIG. 1 shows a PDP 10 in the first embodiment ac-
cording to the present invention. In FIG. 1 , pixels are
indicated with dotted lines only for display line L1 . In or-

der to simplify the explanation, the number of pixels of

the PDP 10 is 6 X 8 - 48 monochromatic pixels. The
present invention may be applied to both color and mon-
ochromatic pixels and three monochromatic pixels cor-

responds to one color pixel.

In order to facilitate production and to achieve high-
er definition by reducing the pixel pitch, the PDP 1 0 has
a structure in which the partitioning walls 191 to 199 in

the PDP 10Qin FIG. 31 are removed. In order to ensure

that erroneous discharge does not occur among adja-

cent display lines due to the removal of the partitioning

walls, interlaced scanning is performed in such a man-
ner that the phases of the waveforms of the sustaining

pulse voltages in the odd-numbered lines and in the

even-numbered lines among the electrodes L1 to L3
:

which perform surface discharge and will be explained
later, are reversed from each other (in the prior art inter-

laced scanning, since lines L2, L4, L6 and L8 are non-
display lines, lines L1 and L5 are scanned in odd-num-
bered fields and the lines L3 and L7 are scanned in

even-numbered fields).

FIG. 2 shows a state in which the distance between
the opposite surfaces of a color pixel 10A is expanded.
FIG. 3 shows a longitudinal cross section of the color

pixel 10A along an electrode X1.

On one surface of a glass substrate 11 as a trans-

parent substrate of insulator, transparent electrodes 1 21

and 1 22, constituted with ITO film or the like, are provid-

ed parallel lo each other and, in order to minimize the

reduction in voltage in the transparent electrodes 121

and 122 along the lengthwise direction, metal elec-

trodes 131 and 132, constituted with copper or the like,

are formed along the central lines of the transparent

electrodes 121 and 122 respectively. The transparent
electrode 121 and the metal electrode 131 constitute the

electrode X1 and the transparent electrode 1 22 and the

metal electrode 132 constitute an electrode Y1. A die-

lectric substance 14 for holding the wall charge covers
30 the glass substrate 11 and the electrodes X1 and Y1

The dielectric substance 14 is covered with an MgO pro-

tective film 15.

On the surface of a glass substrate 16, which faces
the MgO protective film 15, address electrodes Al, A2

35 and A3 are formed in the direction which runs at a right

angle to the electrodes X1 and Y1 , with partitioning walls

171 to 173 partitioning them. A phosphor 181 which
emits red light, a phosphor 182 which emits green light

and a phosphor 183 which emits blue light when ultra-

40 violet light generated during discharge enters them, cov-
er the areas between the partitioning wall 171 and the

partitioning wall 172, between the partitioning wall 172
and the partitioning wall 173 and between the partition-

ing wall 173 and the partitioning wall 174 respectively
45 The discharge space between the phosphors 1 81 to 1 83

and the MgO protective film 15 is filled with Ne + Xe
Penning mixed gas. for instance.

The partitioning walls 171 to 174 prevent the ultra-

violet light generated during a discharge from entering
50 adjacent pixels and also function as spacers for forming

the discharge space. If the phosphors 181 to 183 are

constituted with an identical substance, the PDP 10 will

be a monochromatic display.

FIG. 4 shows the schematic structure of a plasma
55 display apparatus 20 which employs the PDP 10 struc-

tured as described above.

A control circuit 21 converts the display data DATA
supplied from the outside to data for the PDP 10. sup-

7

BNSDOCID: <EP Q762373A2_I_>



13 EP 0 762 373 A2 14

plies them to a shift register 221 of an address circuit 22

and, based upon a clock signal CLK, a vertical synchro-

nization signal VSYNC and a horizontal synchronization

signal HSYNC provided from the outside, generates

various control signals which are provided to compo-

nents 22 to 27.

In order to apply the voltages with the waveforms

shown in FIGS. 7 and 8 to the electrodes, voltages Vaw,

Va and Ve are supplied to the address circuit 22 and

voltages -Vc, -Vy and Vs are supplied to an odd-num-

bered Y sustain circuit 24 and an even-numbered Y sus-

tain circuit 25, and voltages Vw :
Vx and Vs are supplied

to an odd-numbered X sustain circuit 26 and an even-

numbered X sustain circuit 27, from a power source cir-

cuit (power supply circuit) 29.

The numerical values inside the shift registers 221

to 223 shown in FIG. 4, are used to identify specific el-

ements within the registers, for instance 221(3) indi-

cates the third bit of the shift register 221 .
The same

applies to other component elements.

In the address circuit 22, when display data corre-

sponding to one line have been supplied serially to the

shift register 221 from the control circuit 21 during an

address period, bits 221 (1 ) to 221 (6) are held in bits 222

(1) to 222 (6) respectively of a latch circuit 222, and in

correspondence to their values, switching elements (not

shown) in side drivers 223(1 ) to 223 (6) are ON/OFF con-

trolled and a binary voltage pattern whereby the voltage

is either Va or OV is supplied to the address electrodes

Al to A6
A scanning circuit 23 is provided with shift registers

231 and drivers 232. During an address period, "1" is

supplied to a serial data input of the shift registers 231

for the initial address cycle only in each VSYNC cycle

and then it is shifted in synchronization with the address

cycle. ON/OFF control is performed for switching ele-

ments (not shown) in the drivers 232(1) to 232 (6) with

the values of the bits 231 (1 ) to 231 (4) in the shift register

231 and the selected voltage -Vy or the unselected volt-

age -Vc is applied to the electrodes Y1 to Y4. In other

words, the electrodes Y1 to Y4 are sequentially selected

by the shifting operation of the shift register 231 and the

selected voltage -Vy is applied to the selected elec-

trodes Y and the unselected voltage -Vc is applied to

the electrodes Y which have not been selected. These

voltages -Vy and -Vc are supplied from the odd-num-

bered Y sustain circuit 24 and the even-numbered Y

sustain circuit 25. During a sustain period, a first sus-

taining pulse train is supplied from the odd-numbered Y

sustain circuit 24 to the odd-numbered electrodes Y1

and Y3 of the Y electrodes via the drivers 232(1) and

232 (3) and a second sustaining pulse train whose

phase is shifted by 1 80 from the that of first sustain pulse

train is supplied from the even-numbered Y sustain cir-

cuit 25 to the even-numbered electrodes Y2 and Y4 of

the Y electrodes via the drivers 232(2) and 232(4).

In the circuit for the X electrodes, during the sus-

taining period, the second sustaining pulse train is sup-

plied from the odd-numbered X sustain circuit 26 to the

odd-numbered electrodes XI , X3 and X5 of the X elec-

trodes and the first sustaining pulse train is supplied

from the even-numbered X sustain circuit 27 to the

5 even-numbered electrodes X2 and X4 of the X elec-

trodes. During a reset period, a whole-screen (all pixel)

write pulse is commonly supplied to the electrodes X1

to X5 from the X sustain circuits 26 and 27 respectively.

During an address period, in correspondence to the

10 scan pulses, a pulse train for two address cycles is sup-

plied to the odd-numbered electrodes X1 ,
X3 and X5 of

the X electrodes from the odd-numbered X sustain cir-

cuit 26, and a pulse train whose phase is shifted by 1 80

from the aforementioned pulse train, is supplied to the

is even-numbered electrodes X2 and X4 of the X elec-

trodes from the even-numbered X sustain circuit 27.

The above-described circuits 223, 232, 24, 25, 26

and 27 are switching circuits for switching on/off voltag-

es supplied from a power source circuit 29.

20 FIG. 5 shows the structure of one frame of the dis-

play image.

This frame is divided into two fields, i.e., an even-

numbered field and an odd-numbered field and each

field consists of first to third subfields. For each subfield,

2S voltages with the waveforms shown in FIG. 7 are sup-

plied to the various electrodes of the PDP 10 in odd-

numbered field to display lines L1 , L3, L5 and L7 shown

in FIG. 1, and voltages with the waveforms shown in

FIG. 8 are supplied to the various electrodes of the PDP
30 10 in the even-numbered field to display lines L2, L4, L6

and L8 shown in FIG. 1. The sustaining periods in the

first to third subfields are T1 , 2T1 and 4T1 respectively

and in each subfield, sustaining discharge is performed

a number of times that corresponds to the length of the

35 sustaining period. With this
:
the brightness will have

eight gradations. Likewise, with the number of subfields

at 8 and the ratio of the sustain periods at 1 : 2 : 4 : 8 :

16 : 32 : 64 : 128, the brightness will have 256 grada-

tions.

40 The scanning of the display lines during an address

period is performed in the order of the numbers as-

signed inside the circles in FIG. 6(A) . Namely, for the

odd-numbered field, scanning is performed in the order

of the display lines L1 ,
L3, L5 and L7 and for the even-

ts numbered field, scanning is performed in the order of

the display lines L2 : L4, L6 and L8.

Next, the operation in the odd-numbered field is ex-

plained in reference to FIG. 7. W, E, A and S in FIG. 7

respectively indicate time points at which whole-screen

so write discharge, whole-screen self-erasing discharge,

address discharge and sustaining discharge occur.

Hereafter, for the sake of simplification, the following

general terms are used;

55 X electrodes: electrodes X1 to X5
Odd-numbered X electrodes: electrodes X1, X3

and X5
Even-numbered X electrodes: electrodes X2 and

8
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X4
Y electrodes: electrodes Y1 to Y4
Odd-numbered Y electrodes: electrodes Y1 and Y3
Even-numbered Y electrodes: electrodes Y2 and
Y4
Address electrodes: address electrodes A1 to A6
also,

Vfxy: discharge start voltage between adjacent X
electrodes and Y electrodes,

Vfay: discharge start voltage between address

electrodes and Y electrodes that face each other,

Vwall: voltage between a positive wall charge and
a negative wall charge due to the wall charge gen-

erated by discharge between adjacent X electrodes

and Y electrodes (wall voltage).

For instance, Vfxy = 290V and Vfay = 180V In ad-

dition, the areas between address electrodes and Y
electrodes are referred to as the areas between A-Y
electrodes and this reference system applies to the ar-

eas between other electrodes.

(1) Reset period

During a reset period, the waveforms of the voltag-

es supplied to the X electrodes, which are whole-screen

write pulses, are identical to one another, the waveforms
of the voltages supplied to the Y electrodes are identical

to one another at 0V and the waveforms of the voltages

supplied to the address electrodes, which are interme-

diate voltage pulses, are identical to one another.

At the beginning, the voltage applied to each elec-

trode is set at 0V. Because of the last sustaining pulse

of the sustain period before the reset period, positive

wall charges are present on the MgO protective film 15

near the X electrodes (on the X-electrode sides) and
negative wall charges are present on the MgO protec-

tive film 15 near the Y electrodes (on the Y-electrode

sides), for the pixels that are lit. Hardly any wall charge
is present on the X-electrode sides or the Y-electrode

sides for the pixels that are not lit.

While a^t^b, a reset pulse at the voltage Vw is sup-

plied to the X electrodes and an intermediate voltage

pulse at the voltage Vaw is supplied to the address elec-

trodes. For instance, Vw = 310V and Vw > Vfxy. Regard-

less of whether or not there is any wall charge, whole-

screen write discharge W is generated between adja-

cent X-Y electrodes, i.e., between the X-Y electrodes

for the display lines L1 to L8. The resulting electrons and
positive ions are attracted by the electric fields caused
by the voltage Vw between the X-Y electrodes to gen-

erate a wall charge of reverse polarity. This reduces the

strength of the electric field in the discharge space to

terminate the discharge in 1 to several ps. The voltage

Vaw is approximately Vw/2 and since the absolute val-

ues of the voltage between the A-X electrodes and the

voltage between the A-Y electrodes, whose phases are

reversed from each other, are almost equal to each oth-

er, the average wall charge remaining in the phosphors
due to the discharge is approximately 0.

When the reset pulse falls at t = b, i.e., when the

applied voltage with a reverse polarity from the wall volt-

s age dissipates, the wall voltage Vwatl between the X-Y
electrodes becomes larger than the discharge start volt-

age Vfxy, to cause a whole-screen self-erasing dis-

charge E. At this time, since the X electrodes, the Y elec-

trodes and the address electrodes are all at 0V almost

10 no wall charge is generated by this discharge and the

ions and the electrons are reunited within the discharge

space and almost completely neutralized in the space.

Some residual floating charge may remain, but this float-

ing space charge functions as a priming fire, which in-

75 duces discharge more easily during the next address

discharge. This is known as the priming effect.

(2) Address discharge period

20 During an address period, the waveforms of the

voltages supplied to the odd-numbered X electrodes are

identical to one another, the waveforms of the voltages

supplied to the even-numbered X electrodes are identi-

cal to one another, and the waveforms of the voltages

25 supplied to the unselected Y electrodes are identical to

one another with the voltage at -Vc. The Y electrodes

are selected in order of Y1 to Y4 and the scanning pulse

at voltage -Vy is supplied to the selected electrodes

while the voltage at the unselected electrodes is set to

30 -Vc. For instance, Vc = Va = 50V, vy = 150v.

(c^t^d) A scanning pulse at the voltage -Vy is

supplied to the electrode Y1 and a write pulse at the volt-

age Va is supplied to each of the address electrodes for

the pixels that are to be lit.

35 The following relationship:

Va + Vy > Vfay

^o js satisfied and address discharge only occurs for the

pixels to be lit, and the discharge ends by a generated

wall-charge with a reverse polarity. During this address
discharge, a pulse at voltage Vx is supplied only to the

electrode XI of the electrodes XI and X2 which are ad-

45 jacent to the electrode Y1 . If the discharge start voltage

between the X-Y electrodes, triggered by this address

discharge, is designated Vxyt, the following relationship:

so Vx + Vc < Vxyt < Vx + Vy < Vfxy

is satisfied and a write discharge occurs between the

X1-Y1 electrodes in the display line L1. Then, the dis-

charge ends by a generated wall-charge, insufficient to

55 cause self discharge, with a reverse polarity between
the X1-Y1 electrodes. On the other hand, write dis-

charge does not occur between the X2-Y1 electrodes in

the display line L2.
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(dst^e) A scanning pulse at the voltage -Vy is

supplied to the electrode Y2, a pulse at the voltage Vx

is supplied to the even-numbered X electrodes and a

write pulse at the voltage Va is supplied to the address

electrodes for the pixels to be lit. With this, in the same

manner as described above, a write discharge occurs

between the X2-Y2 electrodes in the display line L3 to

generate a wall charge with reverse polarity, whereas

no discharge occurs between the X3-Y2 electrodes in

the display line L4.

Subsequently, operation identical to that described

above is performed with e^t^g.

Thus, a write discharge of display data occurs for

the pixels to be lit in the order of the display lines L1 L3,

L5 and L7 t a positive wall charge is generated on the Y-

electrode sides and a negative wall charge is generated

on the X-electrode sides.

(3) Sustain period

During a sustain period, a sustaining pulse with the

same phase and at the same voltage Vs is cyclically, or

the first sustaining pulse train is supplied to the odd-

numbered X electrodes and the even-numbered Y elec-

trodes, and a second sustaining pulse train which is gen-

erated by shifting the phase of the first sustaining pulse

train by 180° (1/2 cycle) is supplied to both the even-

numbered X electrodes and the odd-numbered Y elec-

trodes. In addition, in synchronization with the rise of the

first sustaining pulse, the voltage Ve is supplied to the

address electrodes, which are sustained until the sus-

tain period ends.

(h^t^p) A sustaining pulse at the voltage Vs is

supplied to the odd-numbered Y electrodes and the

even-numbered X electrodes. The effective voltage of a

pixel between the odd-numbered Y electrode and the

odd-numbered X electrode is Vs + Vwall, the effective

voltage of a pixel between the even-numbered Y elec-

trode and the even-numbered X electrode is Vs - Vwall

and the effective voltages of a pixel between the odd-

numbered X electrode and the even-numbered Y elec-

trode and a pixel between the even-numbered X elec-

trode and the odd-numbered Y electrode are 2Vwall.

The following relationships:

Vs < Vfxy < Vs + Vwall, 2Vwall < Vfxy

are satisfied, a sustaining discharge occurs between the

odd-numbered Y electrodes and the odd-numbered X

electrodes and a wall charge with reverse polarity is

generated to end the discharge. Sustaining discharge

does not occur between other electrodes. As a result,

display is effective only in the odd-numbered display

lines L1 and L5 within the odd-numbered field. Only this

time, the sustaining discharge between the even-num-

bered Y electrodes and the even-numbered X elec-

trodes does not occur

18

(qSt^r) A sustaining pulse at the voltage Vs is

supplied to the odd-numbered X electrodes and the

even-numbered Y electrodes. The effective voltages of

a pixel between the odd-numbered X electrode and the

s odd-numbered Y electrode and a pixel between the

even-numbered Y electrode and the even-numbered X

electrode are both Vs + Vwall whereas the effective volt-

ages of a pixel between the odd-numbered Y electrode

and the even-numbered X electrode and a pixel be-

10 tween the odd-numbered X electrode and the even-

numbered Y electrode are zero. With this, sustaining

discharge occurs between the odd-numbered X elec-

trodes and the odd-numbered Y electrodes and be-

tween the even-numbered Y electrodes and the even-

's numbered X electrodes, a wall charge with reverse po-

larity is generated to end the discharge. Sustaining dis-

charge does not occur between other electrodes. Con-

sequently, display of all the display odd-numbered lines

L1. L3, L5 and L7 in the odd-numbered field becomes
20 effective at once.

Subsequently, the sustaining discharge is repeated

in the manner described above. During this process, as

is obvious when one looks at the wall charge shown in

FIG. 7, the effective voltages of a pixel between the odd-

25 numbered Y electrode and the even-numbered X elec-

trode and a pixel between the odd-numbered X elec-

trode and the even-numbered Y electrode in the undis-

played lines are zero. The last sustaining discharge dur-

ing the sustain period is performed in such a manner
30 that the polarity of the wall charge is in the initial state

during the reset period described earlier.

Next, the operation in the even-numbered field is

explained.

In FIG. 1, the display of the display lines L1, L3, L5

35 and L7 which are constituted with pairs of electrodes,

the electrodes Y1 to Y4 and the electrodes Xt to X4 that

are adjacent to the electrodes Y 1 to Y4 towa rd the upper

side in FIG. 1, are effective in the odd-numbered field,

as explained above. In the even-numbered field, the dis-

40 play of the display lines L2, L4, L6 and L8 which are

constituted with the electrodes Y1 to Y4 and the elec-

trodes X2 to X5 that are adjacent to the electrodes Y1

to Y4 toward the lower side in FIG. 1, must be made
effective. This is accomplished by reversing the roles of

45 the electrodes X1 and X2 relative to the electrode Y1,

reversing the roles of the electrodes X2 and X3 relative

to be electrode Y2 and so forth. In other words, it is ac-

complished by reversing the waveforms of the voltages

supplied to the odd-numbered X electrodes and the

50 even-numbered X electrodes that are organized into

groups. FIG. 8 shows the waveforms of the voltages ap-

plied to those electrodes in the even-numbered field.

The operation performed in the even-numbered

field is clear from the explanation given so far and also

55 in reference to FIG. 8. To sum up, during a reset period,

a whole-screen write discharge W and a whole-screen

self-erasing discharge E are performed, during an ad-

dress period, the electrodes Y1 to Y4 are selected se-

EP 0 762 373 A2
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quentially and a write discharge of display data is per-

formed in the order of the display lines L2, L4, L6 and
L8 and, during a sustaining period, a simultaneous sus-

taining discharge is repeated in these display lines L2.

L4, L6 and L8. 5

According to the drive method in this first embodi-

ment, since the display lines in the odd-numbered field

and the display lines in the even-numbered field do not

affect each other in regard to discharge, the PDP can

be structured as shown in FIG. 1 by removing the par- to

titioning walls 191 to 199 in the PDP 10Q in FIG. 31,

facilitating the production of the PDP 10 with reduced

production cost and achieving higher definition by re-

ducing the pixel pitch.

15

Second Embodiment

If the number of pulses can be reduced in FIGS. 7

and 8, power consumption can also be reduced. During

an address period, if the pulses supplied to the odd- 20

numbered X electrodes and the even-numbered X elec-

trodes are made to be continuous, the number of pulses

can be reduced. This can be achieved by performing

scanning in the order shown in FIG. 6 (B) . To be more
specific, the display lines L1 , L3, L5 and L7 in the odd- 2s

numbered field should be further divided into odd-num-
bered lines and even-numbered lines and after scan-

ning one group sequentially, the other group should be
scanned sequentially. The same procedure is per-

formed for the even-numbered field. 30

FIG. 9 shows the schematic structure of a plasma
display apparatus 20A in the second embodiment for im-

plementing this method.

During an address period, in order to perform scan-

ning in the order of the electrodes Y1 , Y3, Y2 and Y4, 3S

the output of the driver 232 (2) is connected to the elec-

trode Y3 and the output of a driver 232 (3) is connected

to the electrode Y2. A scanning circuit 23A differs from .

the scanning circuit 23 shown in FIG. 4 in that the output

of an odd-numbered Y sustain circuit 24 is connected to *o

the inputs of the driver 232(1 ) and the driver 232 (2) and
the output of an even-numbered Y sustain circuit 25 is

connected to the inputs of the driver 232 (3) and the driv-

er 232 (4) . I n correspondence to this, an odd-numbered
X sustain circuit 26A and an even-numbered X sustain *s

circuit 27A output signals to ensure that the waveforms
of the voltages applied to the odd-numbered X elec-

trodes and the even-numbered X electrodes are as
shown in FIGS. 10 and 11.

Each of the odd-numbered X electrodes and the so

even-numbered X electrodes require only one pulse

with a large width to be supplied during each address

period of the odd-numbered field or the even-numbered
field, resulting in a reduction in power consumption com-
pared to the structure shown in FIG. 4. In addition, the 55

structures of the odd-numbered X sustain circuit 26A
and the even-numbered X sustain circuit 27A are sim-

plified compared to those of the odd-numbered X sus-

373 A2 20

tain circuit 26 and the even-numbered X sustain circuit

27 shown in FIG. 4.

Other features of the second embodiment are iden-

tical to those in the first embodiment.

Third Embodiment

In FIG. 7, the common pulse at the voltage Vx is

supplied to the electrodes X1 , X3 and X5 and the com-
mon pulse at the voltage Vx is supplied to the electrodes

X2 and X4. However it suffices to supply a pulse at the

voltage Vx to the electrodes X1 to X4 selected sequen-

tially when the electrodes Y1 to Y4 are selected sequen-

tially. In this way, the number of pulses supplied to the

electrodes is reduced and power consumption is also

reduced.

To achieve the above in a plasma display apparatus

20B in the third embodiment, a scanning circuit 30 is

provided for the X electrodes, too, as shown in FIG. 12.

The scanning circuit 30 is different from the scanning

circuit 23 only in that the number of components is larger

by the equivalent of one electrode.

During an address period, "1 is provided to the data

input for bit 30 1 ( 1 ) in the odd-numbered field and " 1 " is

provided to the data input for bit 301 (2) in the even-

numbered field at a shift register 301 from a control cir-

cuit 21 A. During a reset period and a sustain period, the

output from the shift register 301 is set to 0.

Other features of the third embodiment are identical

to those in the first embodiment.

In the third embodiment according to the present

invention, during an address period, only necessary

pulses are supplied to the X electrodes, reducing the

power consumption compared to the first embodiment.

Fourth Embodiment

Since some of the drive voltage waveforms shown
in FIGS. 7 and 8 are identical, if a control signal for ob-

taining identical drive voltage waveforms can be output

from a common circuit, the circuit structure is simplified.

To achieve this, in the fourth embodiment according

to the present invention, a plasma display apparatus

20C is structured as shown in FIG. 13. In this unit, the

odd-numbered Y sustain circuit 24, the even-numbered
Y sustain circuit 25, the odd-numbered X sustain circuit

26 and the even-numbered X sustain circuit 27 in FIG.

4 are replaced by sustain circuits 31 and 32 and a
switching circuit 33. As shown in FIG. 14, the waveforms
S1 and S2 of the output voltages from the sustain cir-

cuits 31 and 32 are identical to the waveforms of the

voltages applied to the odd-numbered X electrodes and
the even-numbered X electrodes shown in FIG. 7. In

FIG. 1 3, the switching circuit 33 is provided with change-

over switching elements 331 and 332 which interlock

with each other, changeover switching elements 333
and 334 that interlock with each other and changeover
switching elements 335 and 336 which interlock with
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each other. These changeover switching elements may
be constituted with FETs, for instance. The switching

control for the switching circuit 33 is executed by a con-

trol circuit 21 B.

In the state shown in FIG. 1 3, OV is supplied to the

inputs of drivers 232(1 ) to 232(4) and the voltage wave-

forms S1 and S2 are supplied to the odd-numbered X

electrodes and the even-numbered X electrodes re-

spectively. This corresponds to the reset period and the

address period in FIG. 7. in the address period, the

scanning circuit23A decides the voltage waveforms

supplied to the Y electrodes. If the switching elements

335 and 336 are switched over, this corresponds to the

reset period and the address period in FIG. 8.

Next the changeover switching elements 331 and

332 are switched over from the state shown in FIG. 1 3,

the voltage waveforms S2 and S1 are supplied to the

inputs of the odd-numbered elements of the driver 232

and the even-numbered elements of the driver 232 re-

spectively and this corresponds to the sustain period

shown in FIG. 7. When the changeover switching ele-

ments 335 and 336 are switched over in this state, the

voltage waveforms S2 and S1 are supplied to the odd-

numbered X electrodes and the even-numbered X elec-

trodes and this corresponds to the sustain period shown

in FIG. 8.

With the plasma display apparatus 20C in the fourth

embodiment, the same operation as that performed by

the unit shown in FIG 4 can be performed in a simpler

structure compared to the unit shown in FIG 4.

Fifth Embodiment

The features of the unit shown in FIG. 13 can be

adopted in the plasma display apparatus shown in FIG.

12. FIG. 15 shows a plasma display apparatus 20D in

which these features are adopted as a fifth embodiment

according to the present invention.

The sustain circuits 31 and 32 and the switching cir-

cuit 33 perlorm operation identical to that performed in

FIG. 1 3, based upon control signals from a control circuit

21C.

In the plasma display apparatus 20D in the fifth em-

bodiment, operation identical to that performed by the

unit shown in FIG. 12 can be performed in a simpler

structure compared to the unit in FIG. 12.

Sixth Embodiment

In the embodiments described so far, even though

the even-numbered field is not displayed for each sub-

field in the odd-numbered field shown in FIG. 5, a whole-

screen write dischargeW and a whole-screen self -eras-

ing discharge E are performed during the reset period.

This could cause the quality of black display to become

reduced due to unwanted light emission. The same ap-

plies to the even-numbered field, as well. In the sixth

embodiment, in order to reduce this unwanted light

emission, voltages with the waveforms shown in FIGS.

16 and 17 are supplied to the electrodes.

The first subfield in FIG. 16 is the same as that in

FIG. 7 and during a reset period, light emission due to

5 the whole-screen write discharge W and the whole-

screen self-erasing discharge E occurs for the undis-

played lines, too. This is necessitated because the wall

charge performed in the preceding even-numbered field

must be eliminated. However, since no discharge oc-

io curs in undisplayed lines during an address period and

a sustain period, it is not necessary to cause a write dis-

charge W and a self-erasing discharge E in the undis-

played lines during the reset period in the second and

subsequent subfields of an odd-numbered field.

Accordingly, during a reset period in the second and

subsequent subfield ot an odd-numbered field, by sup-

plying a cancel pulse PC at the voltage Vs to the even-

numbered Y electrodes adjacent to the odd-numbered

X electrodes, the voltage between the odd-numbered X

electrode and the even-numbered Y electrode is kept

below Vfxy - Vwall to prevent discharge. At this juncture,

if a write pulse at the voltage Vw is supplied to the even-

numbered X electrodes, discharge will not occur be-

tween the even-numbered X electrode and the even-

numbered Y electrode which constitute the display line

either. Therefore, the application time of this write pulse

is shifted from a^t^ b to c^t^d. With this, discharge

occurs between the odd-numbered Y electrode and the

even-numbered X electrode which constitute the undis-

played line. Therefore, a cancel pulse PC at the voltage

Vs is further supplied to the odd-numbered Y electrodes.

Since this cancel pulse PC is offset from the write pulse

supplied to the odd-numbered X electrodes on the time

axis, it does not affect the write discharge occurring be-

tween the odd-numbered X electrode and the odd-num-

bered Y electrode.

While t = a to b and t = c to d, a pulse at the voltage

Vaw is supplied to the address electrodes in corre-

spondence to the write voltage supplied to odd-num-

bered X electrodes and the even-numbered X elec-

trodes. The subsequent operation from t = d is identical

to that performed when the cancel pulse PC is not sup-

plied as described. The reset period in the third or sub-

sequent subfields of the odd-numbered field is also the

same as the reset period of the second subfield.

The situation for the even-numbered field is identi-

cal to that for the odd-numbered field and is shown in

FIG. 17. In the case of the even-numbered field, for the

same reason as that explained in the first embodiment

earlier, the waveforms of the voltages supplied to the

odd-numbered X electrodes and the even-numbered X
electrodes in FIG. 16 only have to be switched to the

reverse of each other.

Seventh Embodiment

FIG. 18 shows a plasma display apparatus 20E in

the seventh embodiment according to the present in-
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vention.

The schematic structure of the PDP 10A is identical

to that of the PDP 10 shown in FIG. 1. However, the

electrodes are used differently from that shown in FIG.

4. Namely, the electrodes Y1 . Y2 and Y3 are not divided

into odd-numbered and even -numbered groups but the

electrodes X1 , X3 and X5 which are adjacent to the elec-

trodes Y1 to Y3 on one side are designated the odd-

numbered X electrodes and the electrodes X2, X4 and

X6 which are adjacent to the electrodes Y1 to Y3 on the

other side are designated the even-numbered X elec-

trodes. Interlaced display is executed for odd-numbered

display lines constituted with pairs of electrodes (Y1,

X1), (Y2: X3) and (Y3, X5) and even-numbered display

lines constituted with pairs of electrodes (Y1
,
X2).. (Y2,

X4) and (Y3, X6).

Although the lines between the even-numbered X

electrode and the odd-numbered X electrode are com-

pletely undisplayed lines, since two display lines are

formed with three parallel electrodes and partitioning

walls parallel to the electrodes for surface discharge are

not provided, the pixel pitch can be shortened compared

to the structure, as shown in FIG. 30, in which two dis-

play lines are formed with four parallel electrodes and

partitioning walls parallel to the electrodes for surface

discharge are provided, making higher definition possi-

ble. In addition, since the electrodes Y1 to Y3 are not

divided into an even-numbered group and an odd-num-

bered group, the structure is simplified compared to that

in the first embodiment.

FIG. 19 shows a longitudinal cross section of the

PDP 10A shown in FIG. 18 along the address elec-

trodes.

The difference of this structure from the structure

shown in FIG. 2 is that for the electrodes X1 and X2 at

the two sides of the electrode Y1, metal electrodes 131

and 133 are formed toward the side which is furthest

away from the electrode Y1 on transparent electrodes

121 and 123 respectively. This structural feature is

adopted at the two sides of each of the Y electrodes.

This makes the electric field stronger on the metal elec-

trode 131 side above the electrode X1 when a voltage

is supplied between the X1-Y1 electrodes and, there-

fore, even if the electrode pitch is reduced in order to

achieve higher definition, the pixel area can be in-

creased compared to the structure in which the metal

electrode 131 is formed along the central line on the

transparent electrode 121 . Since the lines on the oppo-

site sides of the electrodes X1 and X2 relative to the

electrode Y1 are undisplayed lines, this is feasible and,

moreover, it is desirable because the undisplayed lines

can be narrowed. In FIG. 19, although the width of the

transparent electrode 122 is made equal to the widths

of the transparent electrodes 121 and 123, the width of

the electrode Y1
:
which is supplied with the scanning

pulse, may be narrow to reduce the power consumption.

In FIG. 18, a scanning circuit 23B, an odd-num-

bered sustain circuit 26B and an even-numbered sus-

tain circuit 27B respectively correspond to the scanning

circuit 23, the odd-numbered X sustain circuit 26 and

the even-numbered X sustain circuit 27 shown in FIG.

4. Compared to the structure in FIG. 4, a single Y sustain

s circuit 24A can replace the odd-numbered Y sustain cir-

cuit 24 and the even-numbered Y sustain circuit 25 :
sim-

plifying the structure.

FIG. 20 shows the order in which the display lines

are scanned during an address period. Since the lines

10 between the even-numbered X electrode and the odd-

numbered X electrode is completely undisplayed line, if

one frame is to be divided into an odd-numbered field

and an even-numbered field as shown in FIG. 6(A), the

display lines will be thinned out at the ratio of one to

is three in each field, which is not desirable from the view-

point of maintaining display quality. This problem is

solved by scanning the display lines L1 ,
L3 and L5 se-

quentially with only writing the display data of the odd-

numbered field at the odd-numbered frame, and by

20 scanning the display lines L2, L4 and L6 sequentially

with only writing the display data of the even-numbered

field at the even-numbered frame. In that case, the

structure of the frame corresponding to that in FIG. 5 is

as shown in FIG. 21

.

25 FIG. 22 shows the waveforms of the voltages ap-

plied to the electrodes in the odd-numbered frame in

case that a number of Y electrodes is four.

During a reset period, a whole-screen write dis-

charge W and a whole-screen self-erasing discharge E

30 occur in the display lines L1 to L6 in FIG. 20. However,

since the voltage between the even-numbered X elec-

trode and the odd-numbered X electrodes is at 0, no dis-

charge occurs in the completely undisplayed lines. This

is the difference from the case illustrated in FIG. 7.

35 During an address period, Since the electrodes Y1

to Y4 are sequentially scanned, one pulse with a large

width is supplied to the odd-numbered X electrodes,

making it possible to reduce the power consumption

compared to the case in FIG. 7.

40 During a sustain period, a sustain pulse at the volt-

age Vs is cyclically supplied to the Y electrodes, a pulse

train obtained by shifting the phase of the pulse train to

the Y electrodes by 1 80 is supplied to the odd-numbered

X electrodes. Therefor, an AC sustain pulse is supplied

45 between the odd-numbered X electrode and the Y elec-

trode and sustaining discharge occurs in the same man-

ner as that in the first embodiment. Since the even-num-

bered X electrodes are set at 0V, AC voltage is not sup-

plied to the undisplayed lines between the even-num-

so bered X electrode and the Y electrode and the even-

numbered X electrode and the odd-numbered X elec-

trode and, therefore, discharge does not occur among

these electrodes.

FIG. 23 shows the waveforms of the voltages sup-

55 plied to the electrodes in the even-numbered frame.

These waveforms are obtained by reversing the wave-

forms of the voltages supplied to the odd-numbered X

electrodes and the even-numbered X electrodes to each

13
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charge for the wall charge at all the blind lines B1 to B3.

Then, write pulse PW whose voltage is higher than that

of the sustaining pulse is supplied to the even-numbered
X electrodes and the even-numbered Y electrodes, to

5 perform write discharge at all the blind lines B1 to B3,

and the wall charge becomes almost constant at all the

blind lines B1 to B3. The voltage of the write pulse PW
is equal to or higher than the discharge start voltage but

is lower than the voltage Vwin FIG. 7, and a self-erasing

10 discharge does not occur after the fall of the write pulse

PW. Therefore, the erasing pulse PE is supplied to the

odd-numbered X electrodes and the odd-numbered Y
electrodes again, to perform erasing discharge for the

wall charge at all the blind lines B1 to B3. With such a
15 discharge performed during a reset period, any floating

space charge that has not been reunited flows into the

display lines LI to L4
t making the address discharge oc-

cur more easily during an address period. During a reset

period, since the voltages between the X-Y electrodes
20 al all the display lines L1 to L4 are at OV, discharge is

not performed and the quality of black display areas is

prevented from becoming degraded due to the genera-
tion of unwanted light emission.

The waveforms of the voltages applied to the elec-
ts trodes during the address period are identical to those

in the prior art for the display lines L1 to L4 or identical

to those when the odd-numbered field in FIG. 7 is re-

garded as one frame.

The sustain period is identical to that in the case
30 shown in FIG. 7.

Although, because of the blind lines B1 to B3, higher

definition than that in the first embodiment cannot be
achieved, compared to the prior art structure shown in

FIG. 30, production is facilitated and the pixel pitch can
35 be further reduced, since it is not necessary to form the

partitioning walls 191 to 196.

It is also feasible to perform the whole-screen write

discharge and the whole-screen self-erasing discharge
in the reset period as same as the reset period shown

40 in FIG. 7.

It is to be noted that even if the PDP is of a driving

type which does not discharge at the blind lines B1 to

B3, by making an observer-side surface of the blind films

41 to 43 darker than the phosphor, preferably black, in

45 order to absorbs incident light to the blind lines B1 to B3
from the outside, the contrast of an image on the PDP
in bright place increases more than a case that incident

light to the phosphor at the blind lines B1 to B3 from the

outside is reflected and enters eyes of an observer.
so

Tenth Embodiment

other in FIG. 22.

In the seventh embodiment, since, by performing

interlaced scan which displays odd-numbered frame
and even-numbered frame mutually, the address period

is reduced by half compared to that with non interlaced

scanning, the sustaining discharge period is length-

ened. With this
:

it becomes possible to achieve a higher

number of gradations by increasing the number of sub
frames or it becomes possible to achieve higher bright-

ness by increasing the number of times the sustaining

discharge is performed.

Eighth Embodiment

FIG. 24 shows the longitudinal cross section of part

of the PDP 10B in the eighth embodiment according to

the present invention, along the address electrodes.

The difference from the structure shown in FIG. 19

is that the transparent electrode 122 is omitted by con-

stituting the electrode Y1 only with the metal eleclrode

1 32. This also applies to all the other Y electrodes. With

this, as described earlier, the power consumption is re-

duced when scanning pulses are supplied to the Y elec-

trodes. Moreover, it is possible to further reduce the pixel

pitch

Ninth Embodiment

The discharge performed for eliminating the wall

charge during a reset period, with its priming effect,

makes address discharge occur more easily, making it

possible to reduce the address discharge voltage. How-
ever, since the discharge light emission occurs over the

entire surface, the quality of black display areas be-

comes reduced. Thus, in the ninth embodiment, a PDP
10C, as shown in FIG. 25, is employed to reduce the

unwanted light emission.

In the PDP 10C, alternate lines between electrodes

in the PDP 10 in FIG. 1 are blind lines B1 to B3. Since
the blind lines B1 to B3 are undisplayed lines, non-in-

terlaced scanning is performed for the display lines L1

to L4.

Blind films ( light-blocking masks) 41 to 43 are

formed, for instance, at the portion between the trans-

parent electrodes 121 and the transparent electrode

122 in FIG. 2 or on the surface of the glass substrate 11

which corresponds to this portion to ensure that the un-

wanted light emission at the blind lines B1 to B3 will not

leak toward the viewer.

FIG. 26 shows the waveforms of the voltages ap-

plied to the electrodes during a reset period and during

a sustain period, and an address period is omitted. In

the figure, PE indicates an erasing pulse, PW indicates

a write pulse and PS indicates a sustaining pulse.

During a reset period, first, an erasing pulse PE
whose voltage is lower than that of the sustaining pulse

is supplied to the odd-numbered X electrodes and the

odd-numbered Y electrodes, to perform erasing dis-

FIGS. 27(A) to 27 (E) show the address electrodes
in the 10th embodiment according to the present inven-

ts tion. FIG. 27(A) is a plan view and FIGS. 27 (B) to 27(E)
are cross sections along lines B-B C-C, D-D, and E-E
respectively in FIG. 27(A). In FIGS. 28(B) and 28(E), the

structure surrounding the address electrodes is also

14
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shown, which facilitates understanding of the structures

of other portions in relation to FIG. 2.

In correspondence to the address electrode Al in

FIG. 2. i.e. in correspondence to one monochromatic

pixel row, a pair of address electrodes All and A21 are 5

formed on a glass substrate 16. Above the glass sub-

strate 16 and within the phosphor, pads B11, B21 and

B31 are formed in correspondence to the individual

monochromatic pixels. The address electrode All is con-

nected to the pad B21 via a contact C21 and the address io

electrode A21 is connected to the pad B11 and B31 via

contacts C11 and C31 respectively. In other words, the

pads that are arrayed in one row are connected alter-

nately to the address electrode All and the address elec-

trode A21 . This applies to other address electrodes Akj, is

pads Bij and contacts Cij, where k = 1 , 2, i = 1 to 3 and

j = 1.3.

In such a structure, a given odd-numbered line and

a given even-numbered line, i.e., the line constituted

with the pads B11 to B13 and the line constituted with 20

the pads B21 to B23, for instance, can be selected at

the same time, an address pulse for the line constituted

of the pads B21 to B23 can be supplied to the address

electrodes All to A13 and at the same time, an address

pulse for the line constituted with the pads B11 to B13 2S

can be supplied to the address electrodes A21 to A23.

Consequently, the address period is reduced by half

compared to that in the prior art. Therefor, the sustaining

discharge period is increased. With this, it is possible to

increase the number of sub frames to achieve a higher 30

number of gradations or to increase the number of times

sustaining discharge is performed and achieve higher

brightness.

The tenth embodiment according to the present in-

vention may be adopted in various types of PDPs. 35

Eleventh Embodiment

FIG. 28 shows the address electrodes in the elev-

enth embodiment according to the present invention. 40

FIG. 28(A) is a plan view and FIGS. 28(B) to 28(E) are

cross sections along lines B-B, C-C, D-D, and E-E in

FIG. 28(A) respectively. FIG. 2B (B) also shows the

structure of the surrounding area of the address elec-

trodes. 45

In this embodiment, four address electrodes are

formed in each area between partitioning walls and
above the address electrodes, pads are formed inside

the phosphors, with one column of pads connected se-

quentially to four electrode lines. In FIG. 28, reference so

characters All to A43 indicate address electrodes, ref-

erence characters B11 to B43 indicate pads and refer-

ence characters C11 to C43 indicate contacts.

With the address electrodes structured in this man-

ner, any two odd-numbered lines and any two even- ss

numbered lines can be selected at the same time for

supplying an address pulse.

Twelfth Embodiment

FIG. 29 shows the schematic structure of the ad-

dress electrodes in the twelfth embodiment according

to the present invention.

In this embodiment, the display surface is divided

into two portions, i.e., an area 51 and an area 52, with

the address electrode All connected to pads in the area

51 and the address electrode A21 connected to pads in

the area 52. The same applies to all the other address

electrodes and pads.

In such a structure, any display line in the area 51

and any display line in the area 52 can be selected at

the same time for supplying an address pulse.

Although preferred embodiments of the present in-

vention has been described, it is to be understood that

the invention is not limited thereto and that various

changes and modifications may be made without de-

parting from the spirit and scope of the invention.

For instance, although, in the embodiments de-

scribed so far, the address electrodes and the X elec-

trodes and the Y electrodes are formed at glass sub-

strates that face each other across the discharge space,

the present invention may be applied in a structure in

which they are all formed on the same glass substrate.

In addition, although, in the embodiments described

so far, whole-screen erasure of the wall charge is per-

formed during the reset period , and write of the wall

charge is performed for the pixels that are to be lit during

an address period, the present invention may be applied

in a structure in which whole-screen write is performed

for the wall charge during a reset period and the wall

charge is erased for the pixels to be turned off du ring an
address period.

Moreover, in FIG. 1, the metal electrode 131 may
be formed on the reverse surface or both surfaces of the

transparent electrode 121 or in the transparent elec-

trode 121 . The same applies to all the other metal elec-

trodes in FIGS. 1,19 and 24.

Claims

1. A plasma display apparatus (20; 20A; 20B; 20C;

20D) comprising: a plasma display panel having a

substrate (11), electrodes X1 to Xn+1 and Y1 to Yn
formed at said substrate (11) and address elec-

trodes (Al, A2...) formed at said substrate (11 ) or at

another substrate (16) facing said substrate (11),

said electrodes X1 to Xn+1 being arranged in nu-

merically sequential order.an electrode Yi being be-

tween an electrode Xi and an electrode Xi+1 for

each i = 1 to n, said address electrodes (Al, A2.)
crossing said electrodes X1 to Xn+1 and Y1 to Yn;

and an electrode drive circuit (22-27),

characterised in that said electrode drive cir-

cuit (22-27) includes:

15
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first field addressing means (21 -23) for causing

a first address discharge to occur between an

electrode Yi, where i goes from 1 to n, and that

or those address electrodes selected in corre-

spondence with display datan a first field of a

frame and for causing a discharge to occur be-

tween said electrode Yi and an electrode Xi us-

ing said first address discharge as a trigger to

generate a first wall charge required for a sus-

taining discharge in correspondence with said

display data in said first field;

first field sustaining means (24-27) for supply-

ing, after said first wall charge has been gener-

ated and for odd numbers (o) among 1 to n and

for even numbers (e) among 1 to n, a first AC
sustaining pulse between an electrode Yo and

an electrode Xo and for supplying a second AC
sustaining pulse between an electrode Ye and

an electrode Xe;

second field addressing means (21-23) for

causing a second address discharge to occur

between an electrode Yi, where i goes from 1

to n, and that or those address electrodes se-

lected in correspondence with display data in a

second field of said frame and lor causing a dis-

charge to occur between said electrode Yi and

an electrode Xi+1 using said second address

discharge as a trigger to generate a second wall

charge required for a sustaining discharge in

correspondence with said display data in said

second field; and

second field sustaining means (24-27) for sup-

plying, after said second wall charge has been

generated and for odd numbers (o) among 1 to

n and for even numbers (e) among 1 to n, a third

AC sustaining pulse between said electrode Yo

and an electrode Xo+1 and for supplying a

fourth AC sustaining pulse between said elec-

trode Ye and an electrode Xe+1

.

2. A plasma display apparatus according to claim 1,

wherein said first field sustaining means (24-27) is

operable to supply said first and second AC sustain-

ing pulses by ensuring that voltage waveforms ap-

plied to said electrodes Yo and Xe are of the same

phase as each other, that voltage waveforms ap-

plied to the electrodes Ye and Xo are of the same

phase as each other and that said first and second

AC sustaining pulses are of opposite phase to each

other; and

wherein said second field sustaining means

(24-27) is operable to supply said third and fourth

AC sustaining pulses by ensuring that voltage

waveforms applied to said electrodes Yo and Xo are

of the same phase as each other that voltage wave-

forms applied to said electrodes Ye and Xe are of

the same phase as each other and that said third

and fourth AC sustaining pulses are of opposite

phase to each other.

3. A plasma display apparatus according to claim 2,

wherein said first field addressing means, in a first

s period, applies a DC voltage to all odd-numbered

electrodes among said electrodes X1 to Xn+1 and

applies a pulse of opposite polarity to that of said

DC voltage to said electrode Yo, and, in a second

period, applies said DC voltage to all even-num-

10 beted electrodes among said electrodes x1 to Xn+1

and applies a pulse with opposite polarity to that of

said electrode Ye; and

wherein said second field addressing means,

in a third period, applies said DC voltage to all said

is even-numbered electrodes among said electrodes

X1 to Xn+1 and applies a pulse of opposite polarity

to that of said DC voltage to said electrode Yoand,

in a fourth period, applies said DC voltage to all said

odd-numbered electrodes among said electrodes

20 X1 to Xn+1 and applies a pulse with opposite polar-

ity to that of said DC voltage to said electrode Ye.

4. A plasma display apparatus according to claim 2,

wherein said first field addressing means apply

25 pulses ol opposite polarity to each other to said

electrodes Yi and xi when causing said discharge

to occur between said electrode Yi and said elec-

trode Xi; and
wherein said second field addressing means

30 applies pulses with opposite polarity to each other

to said electrodes Yi and Xi+1 when causing said

discharge to occur between said electrode Yi and

said electrode Xi+1.

35 5. A plasma display apparatus (20C) according to

claim 2, wherein said first and second field address-

ing means collectively include:

a first sustain circuit (31) for outputting a first

40 voltage waveform in the form of a DC pulse

train;

a second sustain circuit (32) for outputting a

second voltage waveform with its phase offset

by 180° from the phase of the first voltage

45 waveform;

a switching circuit (33) having switching ele-

ments (331 -336) lor selectively supplying either

said first or said second voltage waveform to

said electrodes Yo, Ye, Xo and Xe; and
so a control circuit (21 B) for controlling said

switching elements (331-336) of said switching

circuit (33) in such a way that said first voltage

waveform is supplied to said electrodes Yo and

Xe and said second voltage waveform is sup-

55 plied to said electrodes Ye and Xo after said first

wall charge has been generated and that said

first voltage waveform is supplied to said elec-

trodes Yo and Xo and said second voltage

16
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7.

waveform is supplied to said electrodes Ye and

Xe after said second wall charge has been gen-

erated.

A plasma display apparatus according to claim 2,

wherein both said first field and said second field

consist of a plurality of subfields with numbers of

sustaining discharge pulses different from one an-

other and wherein said electrode drive circuit further

comprises:

first field reset means, prior to said first address

discharge in a first subfield of said first field and

for i
= 1 to n

:
for causing a discharge to occur

between said electrode Yi and said electrode

Xi and between said electrode Yi and said elec-

trode Xi+1 in order to eliminate wall charge for

all pixels or to generate wall charge for all pix-

els; and prior to said first address discharge in

the rest subfields of said first field and for odd

numbers (o) among 1 to n and for even num-

bers (e) among 1 to n, for causing a discharge

D1 to occur between said electrode Yoand said

electrode Xo and a discharge D2 to occur be-

tween said electrode Ye and said electrode Xe

with a time lag from said discharge D1 in order

to eliminate or generate wall charge only for pix-

els in said first field; and

second field reset means, prior to said second

address discharge in a first subfield of said sec-

ond field and for i = 1 to n, for causing a dis-

charge to occur between said electrode Yi and

said electrode Xi and between said electrode

Yi and said electrode Xi+1 in order to eliminate

wall charge for all pixels or to generate wall

charge for all pixels; and prior to said second

address discharge in the rest subfields of said

second field and for odd numbers (o) among 1

to n and for even numbers (e) among 1 to n, for

causing a discharge D3 to occur between said

electrode Yo and said electrode Xo+1 and a dis-

charge D4 to occur between said electrode Ye

and said electrode Xe+1 with a time lag from

said discharge D3 in order to eliminate or gen-

erate wall charge only for pixels in said second

field.

A plasma display apparatus according to any one

of the preceding claims, wherein each of said elec-

trodes X1 toxn+1 and Y1 to Yn includes:

a transparent electrode formed at said sub-

strate; and

a metal electrode formed at said transparent

electrode along the central line of said trans-

parent electrode with a width smaller than that

of said transparent electrode.

8. A plasma display apparatus (20E) comprising:

a plasma display panel having a substrate (11

)

electrodes X1 to X2n and Y1 to Yn formed at

5 said substrate (11) and address electrodes (A1

,

A2...) formed at said substrate (11) or at anoth-

er substrate (16) facing said substrate, elec-

trodes Xo, Yi and Xe being arranged in numer-

ically sequential order where o = 2i - 1, e = 2i

io and i = 1 to n, said address electrodes (A1,

A2...) crossing said electrodes X1 to X2n and

Y1 to Yn: and

an electrode drive circuit (22-27),

is characterised in that said electrode drive cir-

cuit (22-27) includes:

odd-numbered frame addressing means

(21-23) operable, for o = 2i - 1 and i = 1 to n,

20 for causing a first address discharge to occur

between an electrode Yi and that oi those ad-

dress electrodes (Al, A2.) selected in corre-

spondence with display data in an odd-num-

bered frame and for causing a discharge to oc-

25 cur between an electrode Yi and an electrode

Xo using said first address discharge as a trig-

ger to generate a first wall charge required for

a sustaining discharge in correspondence with

said display data in said odd-numbered frame;

30 odd-numbered frame sustaining means (26B)

operable, for o = 2i - 1 and i = 1 to n, for sup-

plying a first AC sustaining pulse between an

electrode Yi and an electrode Yo after said first

wall charge has been generated;

35 even-numbered frame addressing means

(21-23) operable, for e = 2i and i = 1 to n, for

causing a second address discharge to occur

between an electrode Yi and said address elec-

trodes selected in correspondence with display

40 data in an even-numbered frame and for caus-

ing a discharge to occur between said electrode

Yi and an electrode Xe using said second ad-

dress discharge as a trigger to generate a sec-

ond wall charge required for a sustaining dis-

45 charge in correspondence with said display da-

ta in said even-numbered frame; and even-

numbered frame sustaining means (27B) oper-

able, for e = 2i and i = 1 lo n (
for supplying a

second AC sustaining pulse between said elec-

so trode Yi and an electrode Ye after said second

wall charge has been generated.

9. A plasma display apparatus according to claim 3,

wherein said electrodes Xo, Yi and Xe have sub-

55 stantially symmetrical forms relative to a central line

of said electrode Yi;

wherein each of said electrodes has a transpar-
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ent electrode formed at said substrate and a

metal electrode formed at said transparent

electrode at a width smaller than that of said

transparent electrode: and

wherein said metal electrodes of said elec- s

trodes Xo and Xe are arranged on sides away
from said electrode Yi.

10. A plasma display apparatus according to claim 6,

wherein said electrodes Xo, Yi and Xe have sub- 10

stantiatly symmetrical forms relative to a central line

of said electrode Yi;

wherein said electrode Yi is a metal electrode

formed at said substrate; is

wherein each of said electrode Xo and said

electrode Xe comprises a transparent elec-

trode formed at said substrate and a metal elec-

trode formed at said transparent electrode of a

width smaller than that of said transparent elec- 20

trode; and
wherein said metal electrodes of said elec-

trodes Xo and Xe are arranged on sides away
from said electrode Yi.

25

11. A plasma display panel (10C) comprising a sub-

strate (11), sustaining electrodes (Xn, Yn) for sus-

taining discharge and extending alongside one an-

other at said substrate (11 ) and address electrodes

(An) formed at said substrate (1 1 ) or at another sub- 30

strate (16) facing said substrate (11), said address

electrodes (An) crossing said sustaining electrodes

(Xn, Yn), characterised by light blocking means at

(41 , 42, 43) non-display lines (Bn) lying between ad-

jacent ones of said sustaining electrodes (Xn, Yn). 35

12. A plasma display panel according to claim 11,

wherein said address electrodes (An) formed at

said substrate (11 ) are covered with phosphor and
an observer-side surface of the light blocking 40

means has a darker colour than the phosphor.

13. A plasma display apparatus comprising:

a plasma display panel having a substrate (11 ), 45

electrodes XI to Xn and Y1 to Yn formed at said

substrate, address electrodes (An) formed at

said substrate (11 ) or at another substrate (16)

facing said substrate (11), electrodes Xi and Yi

being arranged alternately and extending so

alongside one another where i = 1 to n;

and an electrode drive circuit,

characterised in that light blocking means
(41-43) are provided between electrodes Yi and ss

Xi+1, where i
- 1 to n-1 and in that said electrode

drive circuit includes:

reset means operable, for i = 1 to n - 1 , for caus-

ing a discharge tooccur between said electrode

Yi and an electrode Xi+1 by ensuring that volt-

age waveforms applied to said electrodes Xi

and Yi are in phase with each other and that

voltage waveforms applied to said electrode Xn

and said electrode Yn are in phase with each

other in a reset period;

addressing means (21 -23) operable, for i = 1 to

n, for causing an address discharge to occur

between either said electrode Xi or Yi and an

address electrode (An) selected in correspond-

ence with display data and for causing a dis-

charge to occur between said electrodes Xi and
Yi using said address discharge as a trigger to

generate a wall charge required for a sustaining

discharge in correspondence with said display

data in an address period after said reset period

has elapsed; and
sustaining means (24-27) operable, for i = 1 to

n, for supplying an AC sustaining pulse be-

tween said electrode Xi and said electrode Yi

in a sustain period after said address period has

elapsed.

14. A plasma display panel comprising a substrate (11),

groups of address electrodes (All, A21; A12, A22
etc.) formed alongside one another at said sub-

strate (11) and scanning electrodes for causing a

discharge between said groups of address elec-

trodes and said scanning electrodes to generate a

wall charge required for a sustaining discharge cor-

responding to display data, said scanning elec-

trodes crossing said address electrode groups,

each of said address electrode groups including at

least two address electrodes (All, A21; A12, A22
etc.) formed alongside one another at said sub-

strate (11) corresponding to one monochromatic
pixel column, there being pads arranged along a
lengthwise direction of the address electrodes cor-

responding to each monochromatic pixel, the

number of pads for each group being at least one
more than the number of electrodes in the group

concerned, contacts being provided tor connecting

one pad to one of said address electrodes in a reg-

ular manner along said lengthwise direction of the

address electrodes.

15. A plasma display apparatus comprising a plasma
display panel according to claim 14 and an elec-

trode drive circuit for supplying drive voltages to the

electrodes of the plasma display panel according to

display data.

16. A method of driving a plasma display panel, said

plasma display panel having a substrate, elec-

trodes X1 to Xn+1 and Y1 to Yn formed at said sub-

strate and address electrodes formed at said sub-

18
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strate or at another substrate facing said substrate,

said electrodes X1 to Xn+1 being arranged in nu-

merically sequential order, with an electrode Yi be-

ing arranged between an electrode Xi and an elec-

trode xi+1 for each i = 1 to n, said address elec- s

trodes crossing said electrodes X1 to Xn+1 and Y1

to Yn said method comprising the steps of:

(1) for i = 1 to n, causing a first address dis-

charge to occur between said electrode Yi and 10

said address electrodes selected in corre-

spondence to display data in a first field of a

frame and causing a discharge to occur be-

tween said electrode Yi and said electrode Xi

using said first address discharge as a trigger 1$

to generate a first wall charge required for a

sustaining discharge in correspondence to said

display data in said first field;

(2) after said first wall charge has been gener-

ated and for odd numbers (o) among 1 to n and 20

for even numbers (e) among 1 to n, supplying

a first AC sustaining pulse between an elec-

trode Yo and an electrode Xo and supplying a

second AC sustaining pulse between an elec-

trode Ye and an electrode Xe; 25

(3) for i = 1 to n, causing a second address dis-

charge to occur between said electrode Yi and

said address electrodes selected in corre-

spondence with display data in a second field

of said frame and causing a discharge to occur 30

between said electrode Yi and said electrode

Xi+1 using said second address discharge as

a trigger to generate a second wall charge re-

quired for a sustaining discharge in corre-

spondence with said display data in said sec- 35

ond field; and

(4) after said second wall charge has been gen-

erated and for odd numbers (o) among 1 to n

and for even numbers (e) among 1 to n, sup-

plying a third AC sustaining pulse between said 40

electrode Yo and said electrode Xo+1 and sup-

plying a fourth AC sustaining pulse between

said electrode Ye and said electrode Xe+1.

1 7. A method according to claim 1 6, wherein in step (2),

when supplying said first and second AC sustaining

pulses, ensuring that voltage waveforms applied to

said electrodes Yo and Xe are of the same phase,

that voltage waveforms applied to the electrodes Ye

and Xo are of the same phase and that said first and so

second AC sustaining pulses are of opposite phase

to each other; and

wherein in step (4), when supplying said third

and fourth AC sustaining pulses, ensuring that volt-

age waveforms applied to said electrodes Yo and 5$

Xo are of the same phase, that voltage waveforms

applied to said electrodes Ye and Xe are of the

same phase and that said third and fourth AC sus-

taining pulses are of opposite phase to each other.

18. A method of driving a plasma display panel, said

plasma display panel having a substrate, elec-

trodes X1 to X2n formed at said substrate, elec-

trodes Y1 to Yn formed at said substrate and ad-

dress electrodes formed at said substrate or at an-

other substrate facing said substrate, electrodes

Xo
:
Yi and Xe being arranged in numerically se-

quential order where o = 2i - 1 , e = 2i and i = 1 to n,

said address electrodes crossing said electrodes

X1 to X2n and Y1 to Yn, said method comprising

the steps of:

for o = 2i - 1 and i = 1 to n, causing a first address

discharge to occur between said electrode Yi

and said address electrodes selected in corre-

spondence with display data in an odd-num-

bered frame and causing a discharge to occur

between said electrode Yi and said electrode

Xo using said first address discharge as a trig-

ger to generate a first wall charge required for

a sustaining discharge in correspondence with

said display data in said odd-numbered frame;

for o = 2i - 1 and i = 1 to n, supplying a first AC
sustaining pulse between said electrode Yi and

said electrode Yo after said first wall charge has

been generated;

for e = 2i and i = 1 to n, causing a second ad-

dress discharge to occur between said elec-

trode Yi and said address electrodes selected

in correspondence with display data in an even-

numbered frame and causing a discharge to

occur between said electrode Yi and said elec-

trode Xe using said second address discharge

as a trigger to generate a second wall charge

required for a sustaining discharge in corre-

spondence with said display data in said even-

numbered frame; and
for e = 2i and i = 1 to n, supplying a second AC
sustaining pulse between said electrode Yi and

said electrode Ye after said second wall charge

has been generated.

19. A method of driving a plasma display panel, said

plasma display panel having a substrate, elec-

trodes X1 to Xn formed at said substrate, electrodes

Y1 to Yn formed at said subslrale, address elec-

trodes formed at said substrate or at another sub-

strate facing said substrate and light blocking

means between electrodes Yi and Xi+1 t
where i -

1 to n-1 , electrodes Xt and Yi being arranged alter-

nately and extending alongside one another where

i = 1 to n, said method comprising the steps of:

for i = 1 to n - 1 ,
causing a discharge to occur

between said electrode Yi and an electrode

xi+1 by ensuring that voltage waveforms ap-
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plied to said electrodes X1 and Y1 are in phase

with each other and that voltage waveforms ap-

plied to said electrode Xn and said electrode

Yn are in phase with each other in a reset pe-

riod; 5

for i = 1 to n, causing an address discharge to

occur between either of said electrodes Xi or Yi

and said address electrode selected in corre-

spondence with display data and causing a dis-

charge to occur between said electrode Xi and 10

electrode Yi using said address discharge as a

trigger to generate a wall charge required for a

sustaining discharge in correspondence with

said display data in an address period after said

reset period has elapsed; and *5

tor i = 1 to n, supplying an AC sustaining pulse

between said electrode Xi and said electrode

Yi in a sustain period after said address period

has elapsed.
20

20. A method of driving a plasma display panel, said

plasma display panel having a substrate, address

electrode groups formed alongside one another at

said substrate and scanning electrodes, for causing

a discharge between said address electrode groups 2S

and said scanning electrodes to generate a wall

charge required for a sustaining discharge in corre-

spondence with display data, said scanning elec-

trodes crossing said address electrode groups,

30

wherein each of said address electrode groups

includes: m (m>2) number of address elec-

trodes formed alongside one another at said

substrate corresponding to one monochromat-

ic pixel column; pads arranged along a length- 3S

wise direction of said address electrodes cor-

responding to each monochromatic pixel, said

pads being above said m number of address

electrodes relative to said substrate; and con-

tacts for connecting one pad to one of said ad- 40

dress electrodes in a regular manner along said

lengthwise direction of said address elec-

trodes;

said method comprising the steps of:

selecting simultaneously m number of said 45

scanning electrodes facing said pads connect-

ed to said m number of address electrodes; and

applying voltages corresponding to display da-

ta to said m number of address electrodes si-

multaneously; 50

whereby scanning of said scanning electrodes

is executed in units of m lines.

55
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FIG.22
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FIG.23
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FIG.24
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FIG.25
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FIG.30
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FIG.31
PRIOR ART
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